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(54) High impedance transponder with improved backscatter modulator for electronic 
indentification system 



(57) A transponder 20 for an electronic identification 
system is disclosed and claimed. The transponder is 
characterized in that it presents a high input impedance 
(>400Q) at an input thereof which is directly connected 
to an antenna 22 with a matched high input impedance. 
The transponder is aimed at improving the voltage re- 



covered on capacitor C 2 from an interrogation signal 
and thus the operational range of the system. The mod- 
ulator 30 of the transponder is arranged to backscatter 
modulate the interrogation signal at a modulation depth 
of less than 80%, preferably in the order of 30%. This 
also results in an improvement of the operational range 
of the system. 
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Description 

INTRODUCTION AND BACKGROUND 

[0001] THIS invention relates to electronic identifies- s 
tion systems including an interrogator and a plurality of 
transponders. The invention more particularly relates to 
transponders forming part of such a system. 
[0002] Known electronic systems of the aforemen- 
tioned kind include an interrogator including a transmit- 
ter for transmitting an interrogation signal to the trans- 
ponders and a receiver for receiving a response signal 
from the transponders. A microprocessor in the interro- 
gator identifies a particular transponder from a data 
stream in the response signal. Each transponder com- 
prises an antenna and a detector circuit for receiving 
and collecting power from the interrogation signal, to 
present a high enough voltage on a storage capacitor, 
to power a modulator and logic circuitry of the trans- 
ponder, which logic circuitry in turn generates the afore- 
mentioned data stream. The data stream is used to 
modulate the energizing signal at about 100% modula- 
tion depth and to reflect back to the interrogator a portion 
of the energy in the energizing signal, by what is known 
as backscatter modulation. The antenna of the trans- 
ponder is normally a single element half wavelength di- 
pole antenna having a feedpoint impedance of 50ft to 
1 00ft. This antenna is matched by a suitable impedance 
matching network to a low input impedance of 125ft to 
200ft of the detector circuit. 

[0003] In the known systems, the effective distance of 
the backscattered response signal greatly exceeds the 
distance over which the transponders can be powered 
by the energizing signal. The inhibiting factor is the volt- 
age required on the capacitor to power the modulator 
and logic circuitry of the transponder. The voltage recov- 
ered and thus the operating range achievable with the 
known low input impedance transponders, especially 
those with a small integrated storage capacitor and 
which modulate the energizing signal at about 100% 
modulation depth, are not satisfactory. 

OBJECT OF THE INVENTION 

[0004] Accordingly it is an object of the present inven- 
tion to provide an alternative transponder with which the 
applicant believes the aforementioned disadvantages 
may at least be alleviated. 

SUMMARY OF THE INVENTION 

[0005] According to the invention there is provided a 
transponder for an electronic identification system in- 
cluding an input connected to transponder circuitry, the 
transponder being characterized in that an input imped- 
ance at the input thereof is at least 400ft. 
[0006] The transponder according to the invention 
therefore is aimed at improving retrieved voltage from 



the interrogation and energizing signal as opposed to 
the optimizing of retrieved power, as in the prior art 
transponders. 

[0007] The transponder circuitry may include a mod- 
ulator connected to the input, a signal detector connect- 
ed to the modulator and logic circuitry for generating an 
identification code; the input may be connected directly 
to an antenna without an impedance matching circuit 
between the antenna and modulator; and a real part of 
a feedpoint impedance of the antenna is substantially 
equal to a real part of the input impedance. 
[0008] The transponder circuitry may include a volt- 
age multiplier circuit, such as a voltage doubling circuit. 
[0009] The transponder circuitry is preferably inte- 
grated on a single chip. The integration may be done 
utilizing CMOS technology. 

[0010] The antenna may comprise a multi-element 
half wavelength dipole. Typically the antenna may com- 
prise a three to five element half wavelength dipole. The 
antenna may further comprise an inductive reactive el- 
ement to cancel out a capacitive reactive component in 
said input impedance at a preferred operating frequen- 
cy. The inductive reactive element may for example 
comprise a loop formation provided at or near the feed- 
point of the antenna. 

[0011] In another embodiment the antenna may com- 
prise a half wavelength dipole wherein the feedpoint is 
suitably positioned off-centre, so that the feedpoint im- 
pedance approximates said input impedance. The an- 
tenna may be suitably longer than a half wavelength, to 
yield an inductive reactive component to cancel out a 
capacitive reactive component in said input impedance 
at a preferred operating frequency. 
[001 2] Further according to the invention the modula- 
tor may be configured to modulate an energizing signal 
received via the antenna with an identification code sig- 
nal at a modulation depth of less than 80%. 
[001 3] The identification code signal may include a bi- 
nary data stream and the modulator may include switch- 
ing means connected to be controlled by the data 
stream, to switch an impedance arrangement into and 
out of the transponder circuitry to change the input im- 
pedance between a first value wherein it is substantially 
matched with the feedpoint impedance of the antenna 
and a second value wherein it is at most 80% of the first 
value. 

[001 4] Also included within the scope of the present 
invention is a transponder including transponder circuit- 
ry including a modulator for modulating a received en- 
ergizing signal with a response signal at a modulation 
depth of less than 80%. 

[0015] The modulation depth is preferably between 
20% and 40%, typically in the order of 30%. 
[0016] The response signal may include a binary 
stream and the modulator may include switching means 
connected to be controlled by the binary stream, to 
switch an impedance arrangement into and out of the 
transponder circuitry to change an input impedance at 
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an input of the transponder circuitry between a first value 
wherein it is substantially matched with a feed-point im- 
pedance of an antenna connected to the transponder 
circuitry and a second value wherein it is at most 80% 
of the first value. 5 
[0017] The switching means may include an active 
switching device such as a transistor and the impedance 
arrangement may include a resistor. 
[0018] Also included within the scope of the present 
invention is a transponder for an electronic identification fo 
system, the transponder including: 

an antenna connected to an input of transponder 
circuitry; 

the transponder circuitry including: is 

an energizing signal detector connected to the 
antenna; 

a storage capacitor connected to the detector 
to store a voltage retrieved from the energizing 20 
signal; 

a modulator connected to the antenna; and 
circuitry tor generating a control signal for the 
modulator; 

the modulator being arranged in response to 2s 
the control signal to modulate the energizing 
signal at a modulation depth of less than 80%. 

BRIEF DESCRIPTION OF THE ACCOMPANYING 
DIAGRAMS 30 

[0019] The invention will now further be described by 
way of example only, with reference to the accompany- 
ing diagrams wherein: 

35 

figure 1 is a basic block diagram of a prior 

art transponder; 

figure 2 is a basic block diagram of a trans- 

ponder according to the invention; 

figure 3 is a block diagram of the transpond- 40 

er according to the invention show- 
ing the detector circuit including a 
voltage doubling circuit in more de- 
tail; 

figure 4 is a diagrammatic representation of 45 

an antenna forming part of the 
transponder according to the inven- 
tion; 

figure 5 is a diagrammatic representation of 

another antenna which may form so 
part of the transponder according to 
the invention; 

figure 6 is a block diagram of the transpond- 

er showing the modulator circuit in 
more detail; and ss 

figures 7 to 9 are waveforms at various points in 
the circuit represented by the block 
diagram in figure 6. 



DESCRIPTION OF PREFERRED EMBODIMENTS OF 
THE INVENTION 

[0020] A block diagram of a prior art transponder 10 
is shown in figure 1. The transponder 10 comprises a 
half wavelength dipole antenna 1 2 having a feedpoint 
impedance Z AIN of in th e order of 50fi to 1 00fl, typically 
730. A matching network 14 is provided between the 
antenna 12 and detector and modulator circuitry 16, to 
match the impedance of the antenna to the input imped- 
ance Z DlN of the detector and modulator circuitry, which 
typically is in the order of 125Q to 200£i. The detector 
and modulator are connected to logic circuitry 18. The 
detector collects power from a received interrogation 
signal to accumulate a voltage on a storage capacitor, 
to drive the logic circuitry and modulator circuit. The op- 
erational range of an interrogator (not shown) and trans- 
ponders 10 is dependent on the voltage recovered by 
the detector circuit and stored on the capacitor. 
[0021] The operational range of prior art systems with 
the aforementioned low impedance antenna (73Q) and 
low input impedance detector and modulator circuitry 
(125£2 - 200ft), is not satisfactory. Furthermore, the 
matching network 14 contributes to the cost of the 
known transponder. Still furthermore, as shown in figure 
9, in prior art transponders utilizing 100% modulation, 
the voltage on the storage capacitor intermittently falls 
below a minimum value required on the capacitor. 
[0022] A block diagram of a transponder 20 according 
to the invention is shown in figure 2. The transponder 
20 comprises a high impedance antenna 22 (Z A[N 
>400Q) connected directly to high input impedance 
transponder circuitry including detector and modulator 
circuitry 24. The detector and modulator circuitry 24 is 
connected to the logic circuitry 26. 
[0023] By increasing the input impedance Z TlN of the 
detector and modulator circuitry 24, the recovered volt- 
age is also increased. The relationship is determined by 
the formula 

wherein 

P = the power of the signal; and 
Z T | N = the input impedance of the transponder circuit- 
ry 

[0024] Furthermore, the voltage is further increased 
by providing a voltage multiplier circuit in the form of a 
voltage doubling circuit 28 (shown in figure 3). The volt- 
age doubling circuit 28 operates as follows. 
[0025] During a positive half cycle S, NP1 of the inter- 
rogating signal S lN current flows through capacitor 
and diode D 2 , to charge storage capacitor C 2 , to the 
peak voltage of the half cycle S, NP1 . During a negative 
half cycle S, NN , current flows through diode D 1( to re- 
verse charge capacitor C-, , to the peak voltage of the 
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negative half cycle S INN . During the next positive half 
cycle S| NP2 , the voltage on capacitor C 1 is added to the 
voltage of the positive half cycle S, NP2 to charge capac- 
itor C 2 to the peak to peak voltage of the signal S )N . 
[0026] The input impedance Z TIN is determined by in- 
ter alia the impedance of stray circuit resistances, in- 
ductances and capacitances; the impedance of the rec- 
tifier diodes D n and D 2 when not conducting; the forward 
resistance of the diodes and D 2 when conducting; 
the impedance presented by the logic circuitry 26; and 
the impedance of the modulator 30, when in a high im- 
pedance state. 

[0027] By increasing the impedance Z T)N> the recov- 
ered voltage is also increased. The impedance Z T1N may 
be increased by about one order compared to that of the 
known detector circuits, to about 1200ft to 1800ft by 
suitably integrating the modulator 30, voltage doubling 
circuit 2B and logic circuitry 26 on a single chip 32. 
[0028] In order to increase the input impedance Z^, 
it is necessary to reduce:the effects of capacitive com- 
ponents and resistances in parallel with the input, to re- 
duce the junction capacitance of the diodes and D 2 
and to increase the impedance of the modulator 30. The 
impedance of the logic circuitry 26 may significantly be 
increased from 15,000ft to greater than 300,000ft by 
using the latest CMOS technology In the fabrication of 
the integrated circuit wafer. However, the greatest con- 
tributor to the low input impedance (125ft to 200ft) of 
the known transponders is the modulator circuit, which 
is connected directly across the input. The second con- 
tributor is the aforementioned diodes and D 2 
[0029] By raising the input impedance Z TJN of the ch ip 
32, the modulator 30 is not required to pass as high cur- 
rents as the known modulators. This has the benefit of 
allowing a smaller modulator active semiconductor de- 
vice (see T 1 in figure 6), which in turn causes the stray 
capacitances to be reduced and the resistance to be in- 
creased, thereby raising Z TIN still further. 
[0030] The input impedance Z TiN can be raised to 
several thousand ohms by increasing the unsaturated 
forward resistance of the diodes D-j and D 2 and ensuring 
an ideal balance between the storage capacitor C 2 and 
the coupling capacitor C-, . It has been found that an input 
impedance Z T)N of in the order of 1200ft to 1800ft, 
would provide good results. 

[0031] To assist with matching the antenna 22, the in- 
put impedance Z TIN of the chip 32 may deliberately be 
kept to be capacitive. 

[0032] In order to exploit the benefits of the higher 
transponder input impedance, a high impedance signal 
source is also required. Instead of using the convention- 
al approach of a low impedance antenna combined with 
an impedance transforming network 14 to match the 
chip input impedance as shown in figure 1 , this invention 
uses a high impedance antenna 22 which connects di- 
rectly to the detector and modulator circuitry 24 on chip 
32, without the need for a matching network. 
[0033] The antenna 22 may comprise a multi-element 



half wavelength dipole. The feedpoint impedance Z AIN 
of such an antenna is given by the equation 

5 Z = 73xn 2 

wherein n is the number elements of equal diam- 
eter. 

[0034] . Thus, a four element dipole antenna will have 
10 a feedpoint impedance of about 1170ft whilst a five el- 
ement dipole will have a feedpoint impedance of about 
1825ft. By using a multiple wire dipole antenna, the 
feedpoint impedance Z AIN may be closely matched to 
the input impedance of the detector Z TlN , without the 
is need for impedance transforming or matching networks. 
[0035] A typical five element dipole antenna 22.1 is 
shown in figure 4 and addition of a hairpin loop 34 con- 
nected across the feedpoint 36 is used to provide a pure 
resistive match at the operating frequency, by introduc- 
20 ing suitable inductive reactance of an equal magnitude 
to the aforementioned capacitive input reactance in Z TlN 
of the transponder circuitry. 

[0036] In figure 5 there is shown another embodiment 
of a relatively high feed point impedance Z AlN antenna 

25 designated 22.2. The antenna 22.2 is a folded half 
wavelength dipole which is fed off-centre. The imped- 
ance Z A[N is given by the centre feedpoint impedance 
multiplied by the square of the current ratio at the centre 
of the antenna to the current ratio at the actual feedpoint. 

30 By making the antenna slightly longer than half a wave- 
length, the impedance Z AIN will be inductive, to cancel 
out the aforementioned capacitive input reactance in 
Z X)N of the transponder circuitry. 
[0037] It is believed that by connecting the antenna 

35 22.2 directly to the chip 32, radiation pattern problems 
with off-centre fed antennas may be avoided 
[003B] It has been found that with a transponder 20 
according to the invention the operational range of an 
identification system may be increased significantly 

40 compared to that of conventional systems. The cost of 
the transponders 20 could also be lower, due to the elim- 
ination of the matching network 14. 
[0039] In figure 6, the modulator 30 is shown in more 
detail. The modulator 30 is driven by a data stream 

45 (shown in figure 7) generated by logic circuitry 16 and 
which data stream is characteristic of the transponder. 
As stated hereinbefore, the modulator and logic circuitry 
are provided with electrical power by a charge accumu- 
lated by the detector and multiplier circuit and stored on 

so storage capacitor C 2 . The capacitor C 2 is preferably in- 
tegrated with the other electronic components on chip 
32. 

[0040] As also stated hereinbefore, the modulator 30 
which is controlled by the aforementioned data stream, 
55 modulates the energizing signal received from the inter- 
rogator, to reflect some of the energy in the energizing 
signal back to the interrogator, by what is known as 
backscatter modulation. The modulation depth is deter- 
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mined by the ratio of an unmatched input impedance 
Z T | NU of the transponder to a matched input impedance 
z tinm- 

[0041] The aforementioned modulation depth is ob- 
tained by matching the input impedance of the trans- 
ponder Zjjnm when the modulator 30 is off (that is when 
the data stream is logic high) to the antenna impedance 
Z A | N , so that maximum energy is available to the detec- 
tor circuit and by providing a controlled mismatch of the 
input impedance Z TINM of the transponder when the da- 
ta stream is logic low, so that only a controlled portion 
of the energizing energy is reflected or scattered back 
to the interrogator. 

[0042] It has been found by the applicant that a mod- 
ulation depth of between 20% and 40% provides an ac- 
ceptable compromise between on the one hand effec- 
tive signal recovery by the interrogator of the backseat- 
tered data stream carrying response signal and on the 
other hand, adequate collection by the transponder of 
power from the energizing signal to be stored in the form 
of a voltage on the capacitor C 2 . 
[0043] In a first practical example, the antenna imped- 
ance is 463 ohm with 11.7nH inductance at 915 MHz 
parallel thereto. Resistor R, and capacitor C 3 are se- 
lected such that when the modulator is "off" (that is when 
the data stream is logic high), Z T | NM is 463 Q. with 2.54 
pF capacitive reactance at 915 MHz in parallel there- 
with. When the data stream is low and modulator 30 is 
"on", transistor T., switches R 2 into the transponder cir- 
cuitry, so that the unmatched impedance Z TINU is 
14B.9Q with 2.27 PF capacitive reactance at 915 MHZ 
parallel thereto. This yields a modulation depth of in the 
order of 30%. 

[0044] In a second practical example, there is used a 
three-element halfwave dipole antenna with a feedpoint 
impedance of 680£2 and 19 nH inductance at 915 MHz 
parallel thereto. Resistor R-, and capacitor C 3 are se- 
lected such that when the modulator 30 is "off", Z TINM is 
680Q in parallel with 1.56 pF at 915 MHz. When the 
modulator is "on", the unmatched impedance Z T | NU is 
4750 with 2.65pF at 915 MHz in parallel therewith. This 
also yields a modulation depth of in the order of 30%. 
[0045] Waveforms at points X, Y and Z in figure 6 are 
shown in figures 7 to 9, respectively. The waveforms 
shown in dotted lines are those at corresponding points 
in circuits of prior art transponders utilizing 100% mod- 
ulation. 

[0046] It will be appreciated that there are many var- 
iations in detail on the transponder according to the in- 
vention without departing from the scope and spirit of 
the appended claims. 

Claims 

1. A transponder for an electronic identification sys- 
tem including an input connected to transponder cir- 
cuitry, the transponder being characterized in that 



an input impedance at the input thereof is at least 
400ft. 

2. A transponder as claimed in claim 1 wherein the 
s transponder circuitry includes a modulator connect- 
ed to the input, a signal detector connected to the 
modulator and logic circuitry for generating an iden- 
tification code; wherein the input is connected di- 
rectly to an antenna without an impedance match- 
io ing circuit between the antenna and modulator; and 
wherein a real part of a feedpoint impedance of the 
antenna is substantially equal to a real part of the 
input impedance. 

15 3. Atransponder as claimed in any one of claims 1 and 
2 wherein the circuitry includes a voltage multiplier 
circuit. 

4. A transponder as claimed in any one of claims 1 to 
20 3 wherein the circuitry is integrated on a single chip. 

5. A transponder as claimed in any one of claims 2 to 
4 wherein the antenna is a multi-element dipole an- 
tenna. 

25 

6. A transponder as claimed in any one of claims 2 to 
4 wherein the antenna is an off-centre driven dipole 
antenna. 

30 7. a transponder as claimed In any one of claims 2 to 
6 wherein the modulator modulates an energizing 
signal received via the antenna with an identifica- 
tion code signal at a modulation depth of less than 
80%. 

35 

8. A transponder as claimed in claim 7 wherein the 
identification code signal includes a binary data 
stream and wherein the modulator includes switch- 
ing means connected to be controlled by the data 

40 . stream, to switch an impedance arrangement into 
and out of the transponder circuitry to change the 
input impedance between a first value wherein it is 
substantially matched with the feedpoint imped- 
ance of the antenna and a second value wherein it 
<5 is at most 80% of the first value. 

9. A transponder including transponder circuitry in- 
cluding a modulator for modulating a received en- 
ergizing signal with a response signal at a modula- 

50 tion depth of less than 80%. 

10. A transponder as claimed in claim 9 wherein the 
modulation depth is between 20% and 40%. 

55 11. A transponder as claimed in claim 9 or claim 10 
wherein the modulation depth is in the order of 30%. 

12. A transponder as claimed in any one of claims 9 to 
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11 wherein the response signal includes a binary 
stream and the modulator includes switching 
means connected to be controlled by the binary 
stream, to switch an impedance arrangement into 
and out of the transponder circuitry to change an s 
input impedance at an input of the transponder cir- 
cuitry between a first value wherein it is substantial- 
ly matched with a feed-point impedance of an an- 
tenna connected to the transponder circuitry and a 
second value wherein it is at most B0% of the first io 
value. 



13. A transponder as claimed in claim 12 wherein the 
switching means includes an active switching de- 
vice and the impedance arrangement a resistor. is 

14. A transponder for an electronic Identification sys- 
tem, the transponder including: 

an antenna connected to an input of transpond- 20 
er circuitry; 
- . the transponder circuitry including: 

an energizing signal detector connected to 
the antenna; 25 
a storage capacitor connected to the de- 
tector to store a voltage retrieved from the 
energizing signal; 

a modulator connected to the antenna; and 
circuitry for generating a control signal for so 
the modulator; 

the modulator being arranged in response 
to the control signal to modulate the ener- 
gizing signal at a modulation depth of less 
than 80%. 35 



15. An electronic identification system including 



an interrogator for transmitting an energizing 
signal; 40 
a plurality of transponders; 
each transponder including an antenna con- 
nected to transponder circuitry; 
the transponder circuitry including: 

45 

an energizing signal detector connected to 
the antenna; 

a storage capacitor connected to the de- 
tector to store a voltage retrieved from the 
energizing signal; so 
a modulator connected to the antenna; and 
circuitry for generating a control signal for 
the modulator; 

the modulator being arranged in response 
to the control signal to modulate the ener- ss 
gizing signal at a modulation depth of less 
than 80%. 
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